The dietary approaches to stop hypertension (DASH) diet provides strong evidence for an optimal dietary pattern for blood pressure (BP) control; however, investigation at the level of key foods in a dietary pattern is sparse. This study aimed to assess the relationship between dietary patterns driven by key foods with BP in a sample of obese Australian adults. Secondary analysis was conducted on baseline data of 118 participants (45.1 ± 8.4 years, mean BP = 124.1 ± 15.8/72.6 ± 9.2 mm Hg) recruited in a weight reduction randomized controlled trial (ACTRN12608000425392). Dietary assessment was by a validated diet history interview. The average of three office BP measurements was taken. Factor analysis extracted dietary patterns and their relation to systolic BP (SBP) and diastolic BP (DBP) was analysed using multiple linear regression. Eight dietary patterns were identified based on leading foods: meat and alcohol; seafood; fats; fruits and nuts; legumes; confectionery; sweet foods; and yeast extracts and seasonings. A lower SBP was associated with alignment with the fruit and nuts pattern (β = − 4.1 (95% confidence interval − 7.5 to − 0.7) mm Hg) and with seafood for DBP (β = − 2.4 (−4.6 to − 0.3) mm Hg). SBP and DBP were higher with yeast extract and seasonings (β = 4.3 (1.4-7.3); 2.5 (0.9-4.0) mm Hg, respectively). In obese adults attending for weight loss, dietary patterns that included larger amounts of fruits and nuts and/or seafood were associated with lower BP at baseline, whereas patterns that were characterised by yeast extract and seasonings were associated with higher BP.
INTRODUCTION
The landmark dietary approaches to stop hypertension (DASH) randomized controlled trial provided evidence that adoption of a dietary pattern that is rich in fruits, vegetables and low-fat dairy products can reduce blood pressure (BP) as much as some anti-hypertensive drugs. 1 The observed increased efficacy of the DASH diet among African Americans supports other data suggesting ethnic differences in BP response to diet, 2 which may be related to differences in habitual dietary patterns. 1 These differences might come down to a different emphasis on particular food groups. The follow-up DASH Sodium study demonstrated additional BP lowering benefits of salt restriction over and above the merits of the DASH diet, although the greatest benefits in sodium restriction were seen in those with a high fat and micronutrient-poor diet (that is, typical American control diet). 3 The DASH diet studies signalled a move by health professionals away from a preoccupation with salt alone to that of a holistic, composite diet for the prevention and management of hypertension. 1 The subsequent PREMIER trial investigated the effects of combining the DASH diet with 'established' lifestyle modification recommendations (weight loss, exercise and restriction of sodium and alcohol). 4 Surprisingly, the addition of the DASH diet to lifestyle modification resulted in only a small incremental decrease of systolic BP (SBP) and diastolic BP (DBP) of only 0.6/0.9 mm Hg respectively (1.7/1.6 mm Hg in hypertensive individuals) which suggests the lack of an additive effect of combined interventions on BP. 5 It needs to be noted, however, that the PREMIER trial achieved only a small difference in urinary sodium excretion (~30 mmol) between the experimental and control groups, which suggests poor compliance with dietary prescriptions related to sodium restriction.
Further, in the Trials of Hypertension Prevention II (TOHP II) study 6 involving overweight hypertensive participants, the effect of adding sodium restriction to weight loss produced no further decrease of BP, even though moderate sodium restriction alone produced a modest, but significant, decrease. In that study, achieving weight loss using a low-calorie version of the DASH diet, resulted in a net reduction of 9.5 mm Hg SBP and 5.3 mm Hg DBP in the ambulatory condition. 6 However, not all studies are consistent. The ENCORE study reported that in overweight or obese persons with above-normal BP, the addition of exercise and weight loss to the DASH diet resulted in even larger BP reductions, greater improvements in vascular and autonomic function, and reduced left ventricular mass compared to the DASH diet alone. 7 Clinic-measured BP was reduced by 16.1/9.9 mm Hg (DASH plus weight management); 11.2/7.5 mm (DASH alone); and 3.4/3.8 mm (usual diet controls) (P o0.001).
Despite the body of evidence that identifies a DASH-style diet to be optimal for BP control, this type of eating plan may be difficult to achieve in various populations. In the PREMIER trial 4 participants were required to purchase their own food, 4 rather than be provided with carefully prepared meals as occurred in the DASH studies. In the original DASH study, patients were provided with 9.6 daily servings of fruits and vegetables, but in the PREMIER study, the intake increased from 4.8 servings at baseline to 7.8 servings, as indicated by changes in urinary potassium excretion. Similarly, the effects of sodium restriction in the DASH Sodium follow-up study greatly exceeded the changes observed in almost all other studies, in which participants prepared their own low-salt meals, 8 presumably because of the greater compliance with a low-sodium regimen when meals were pre-prepared.
Thus, while the DASH dietary pattern and sodium restriction may form the basis for dietary advice, the realities of actual food-consumption patterns remains an issue for clinicians. Food intake is a complex variable because the effects of different foods may be synergistic or cancel each other out. Nevertheless, analyses of food choice patterns indicate that the intakes of specific foods tend to cluster, highlighting different patterns in different populations. 9 Factor analysis has emerged in nutritional epidemiology as a statistical way to extract these food patterns. 10, 11 It has been used in various populations to demonstrate associations between dietary components and non-communicable diseases including myocardial infarction, 12 hypertension 13 and diabetes. 14 Examining dietary patterns on entry to a weight loss trial may provide insights into specific food choices that need to be modified to better support changes in BP alongside weight loss. This study aimed to identify patterns of food consumption that were associated with lower or higher BP in a sample of overweight Australians that had enrolled for a 12-month weight loss trial.
METHODS

Study design and study population
This cross sectional study was conducted on the baseline data of a 12-month randomized controlled trial, studying the effect of Fish and LCn3PUFA on weight reduction in 118 obese Australian adults (ACTRN12608000425392). 15 The study was conducted in accordance to the Declaration of Helsinki guidelines and ethical approval was given by the University of Wollongong Human Research Ethics Committee. Written informed consent was taken from all the participants. The study participants were aged between 20 and 60 years, and had a body mass index (BMI) 425 kg m −2 . Those with major illnesses, diabetes mellitus and low-density lipoprotein ⩾ 6 mmol l − 1 , having food allergies, inadequate conversational English, low literacy, taking fish-oil supplements, pregnant/lactating, unstable weight (±3 kg for the past 6 months) or on a weight-loss diet were excluded.
Dietary and physical activity assessment
Dietary data was collected through a validated diet history interview, 16 administered by Accredited Practising Dietitians. This data was analysed using the FoodWorks software system (Version 6, 2009, Xyris Software, Spring Hill, QLD, Australia). Food intake data was converted to energy intake and micronutrients (sodium (Na) and potassium (K)) using the AUSNUT1999, 17 and AusFood2001 databases (revision 11, from FoodWorks 2009 version 6, Xyris Software). The food items were categorized into 21 food groups, on the basis of the food groups suggested in the National Nutrition and Physical Activity Survey by the Australian Bureau of Statistics. 18 These food groups are shown in Table 1 . To see the effect of convenience and takeaway food on the BP, this food group was dealt with as an independent category. Habitual physical activity was assessed using a waist-mounted RT3 triaxial accelerometer (StayHealthy Inc, Monrovia, CA, USA) for 3 days.
Anthropometric measures
Body weight was measured in kilograms (kg) in an upright position without shoes, in minimal clothing, using digital scales with a bioelectrical impedance component (Tanita TBF-622; WW Wedderburn Pty Ltd., Ingleburn, NSW, Australia). A stadiometer was used to measure height in metres (m), without shoes. BMI was calculated by the formula weight in kg per height in m Blood pressure assessment SBP and DBP were measured using a medical grade BP monitor (Dinamap XL Vital Signs Monitor, Critikon, Tampa, FL, USA). Participants sat for 10 min, then three readings were taken from the same arm and the mean of the three readings was used as the final reading. Kaiser-Meyer-Olkin should be 40.5 for a satisfactory factor analysis. Factor loading cutoff of 0.71 implies statistical significance for a food group to be included in the respected factor (dietary pattern). 19, 20 Factor scores were determined by regression techniques. A positive score represents alignment to the dietary pattern and negative scores indicates nonalignment to that pattern. To characterise quantities of foods representing the major dietary patterns that were identified by factor analysis, mean intakes of food groups were compared for participants considered to be more aligned with a specific dietary patterns and those that were not.
Multivariable linear regression modelling was performed separately for SBP and DBP, with the factor scores, age, gender, BMI and activity calories included as the independent variables. The student's t-test was conducted to assess whether intakes of Na and K differed according to whether study participants were adherent or not with particular dietary patterns that were found to be significantly associated to SBP or DBP. A P-value ofo0.05 was considered statistically significant.
RESULTS
Baseline characteristics
The mean age of the study population was 45.1 ± 8.4 years and 25.4% (n = 30) were male. The mean BMI was 31.3 ± 3.5 kg m −2 , with mean energy consumption per day of 2397 ± 834.2 kcal and 24 h activity calories 825.2 ± 361.3 kcal. The mean SBP was 124.1 ± 15.8 mm of Hg and mean DBP 72.6 ± 9.2 mm of Hg. Nineteen per cent of the sample (n = 22/114) had hypertension, according to the definition of systolic BP ⩾ 140 mm Hg and/or diastolic BP ⩾ 90 mm Hg, or taking prescribed hypertension medication. The mean reported sodium (Na) consumption was 2463.8 ± 1206.8 mg per day and mean reported potassium (K) intake was 3691.7 ± 1125.7 mg per day.
Dietary patterns Factor analysis extracted eight lead dietary patterns characterised by specific foods, namely meat and alcohol, seafood, fats, fruits and nuts, legumes, confectionery, sweet foods and yeast extract and seasonings. Dietary patterns along with the factor loadings of the 21 food groups applied in the analysis are shown in Table 2 . These dietary patterns explained 66.3% cumulative variance in the food intake of this sample of obese Australian adults. The Kaiser-Meyer-Olkin value was 0.635, indicating that the sample size was adequate for factor analysis by the principal component analysis technique.
Association of dietary patterns with SBP and DBP SBP was lower with alignment with the fruits and nuts dietary pattern: β = − 4.1 (95% confidence interval − 7.5 to − 0.7) mm Hg, P-value 0.018; and higher with alignment with the yeast extract and seasonings dietary pattern: β = 4.3 (1.4-7.3) mm Hg, P-value 0.004, adjusting for age, gender, BMI and activity calories in the model (Table 3) . DBP was lower with alignment with the seafood pattern: β = − 2.4 (−4.6 to − 0.3) mm Hg, P-value 0.028; and was higher for the yeast extract and seasonings pattern: β = 2.5 (0.9-4.0) mm Hg, P-value 0.003, adjusting for age, gender, BMI and activity calories in the model (Table 4) . BMI was found to be significantly associated with SBP and age and gender with DBP (Tables 3 and 4 , respectively).
Intake of food groups in significant dietary patterns Mean intake of fruit products and dishes consumed by participants whose diet was aligned with the fruits and nuts dietary pattern was 291.7 ± 168.6 g per day compared with 120.3 ± 63.1 g per day in participants whose diets did not fit this pattern (P-valueo0.001). Consumption of seed and nut products/dishes was 34.7 ± 30.1 g per day in the group aligned with the fruits and nuts dietary pattern, compared with 4.9 ± 6.9 g per day in those not aligned with this pattern (P-valueo0.001). Consumption of yeast extracts and seasonings was 45.5 ± 56.9 g per day in the group aligned with this dietary pattern vs 2.9 ± 10.3 g per day in others (P-valueo0.001). The group aligned with the seafood dietary pattern consumed a mean of 67.7 ± 46.6 g per day of seafood products and dishes, compared with 23.7 ± 21.7 g per day in those with other dietary patterns (P-valueo0.001).
Intake of sodium and potassium in significant dietary patterns Study participants whose diets were aligned with the fruits and nuts and seafood patterns were consuming significantly more potassium as compared with those not aligned with Dietary patterns and blood pressure S Anil et al these dietary patterns (P-value 0.027 and 0.003, respectively). Sodium consumption did not differ between participants either aligned or not aligned with any of the dietary patterns that were found to be significantly associated with SBP or DBP (Table 5) .
DISCUSSION
Although the DASH diet confirms the effects of a dietary pattern based on minimally processed foods, this analysis confirmed that dietary patterns dominated by certain foods may be associated with BP in overweight adults. The analysis adds to our understanding of the relationship between food and health, given that this may be examined from the perspective of single nutrients, foods and whole diets. The three are interrelated and it is often difficult to differentiate between levels of association. 21 In the case of BP, the nutrient sodium stands out and this is likely to be because of its ubiquitous presence in processed foods. Whole 24 This means being able to identify the foods most likely implicated and from which dietary change can occur.
Amongst overweight volunteers for a weight loss trial, a fifth of whom were hypertensive, usual dietary patterns that comprised larger amounts of fruits and nuts were associated with lower SBP (β = − 4.1; P = 0.018) while larger amounts of seafood were associated with lower DBP (β = − 2.4; P = 0.028), adjusting for age, gender, BMI and activity calories. In contrast, dietary patterns with more yeast extract spreads and seasonings were associated with higher SBP (β = 4.3; P = 0.004) and DBP (β = 2.5; P = 0.003). Bearing in mind that this is an observational analysis, the results are consistent with that of the DASH studies in that minimally processed foods were found to be favourable for BP control. They were also consistent from a nutrient perspective, given that the favourable dietary patterns characterised by fruits and nuts or seafood were also aligned with higher potassium intakes. Increased potassium intake was shown to lower SBP and DBP by 3.49 and 1.96 mm Hg in a meta-analysis of 22 randomised controlled trials. 25 The key nutrient known to influence BP is sodium. Reduced sodium intake was shown to lower BP in a recent meta-analysis 26 but results were more reliable for hypertensive populations. The yeast extract and seasonings dietary pattern in the present study was associated with an increase of 4.3 and 2.5 mm Hg in SBP and SBP, respectively. This pattern included seasonings and stock cubes, most of which are high in salt content. Reported sodium intakes did not differ according to alignment with the various identified food patterns, but dietary assessment of sodium is considered unreliable, particularly given its ubiquitous presence in food and culinary use. The gold standard method of 24 h urinary sodium measurements would be required to better assess this variable, 27 and further studies investigating the impact of dietary patterns on BP should strive to include this biomarker. It is well documented that under-reporting of energy intake occurs in obese individuals, 28, 29 and this too may have introduced error in estimates of sodium intake. In our previous weight loss trials, the diet history method has been shown to result in under-reporting in 35% of participants. 30 This is consistent with findings from a systematic literature review that showed the percentage of under-reporters to be about 30% and energy intake to be underestimated by~15%, regardless of whether 24 h recalls or estimated or weighed food records are used. 31 Our analysis assumes that any under-reporting is consistent across food groups, thus avoiding systematic bias; however, this cannot be confirmed.
Since nutrients are delivered in food that is consumed as whole diets or cuisines, multiple interactions may occur. 9 The DASH diet was rich in minimally processed foods such as fruits, vegetables, legumes, nuts, seeds, low-fat dairy and fish, and the sodium intake was kept constant at 3000 mg per day in the intervention and control groups.
1 This led to a reduction of 5.5 and 3.0 mm Hg in SBP and DBP, respectively. This is comparable to the analysis we report here whereby SBP was lower by 4.1 mm Hg with the fruits and nuts dietary pattern and DBP lower by 2.4 mm Hg with the seafood dietary pattern. Other dietary patterns that are related to lower BP include the Nordic diet, 32 and the Mediterranean diet. 23 The Nordic diet consists of foods of Nordic origin such as whole grains (rye, barley and oats), rapeseed oil, berries, fruits, vegetables, fish, nuts and low-fat dairy products, 32 while the Mediterranean diet is high in cereals, fruits, vegetables, legumes, nuts and seeds, poultry (and sometimes fish), olive oil and moderate amounts of wine. 33 Although the recommended dietary patterns may be ideal in lowering BP, it is important to consider different cuisines or habitual food intake. For example, a previous study investigated the effects of a Brazilian dietary pattern on BP by incorporating DASH-sodium diet principles and adapting them to local production and eating habits. 34 In that study, there was a significant reduction of SBP and DBP by 7.7 and 5.1 mm Hg, respectively. The present study investigated dietary patterns of an Australian population sample whose dietary intake may be influenced by local food production and cultural eating habits.
The dietary patterns identified in this analysis as being associated with lower BP are led by unprocessed 'core' foods, in contrast to those characterised by high use of yeast spreads and seasonings. In a recent review of diet quality in 187 countries, a disturbing picture of dietary patterns that showed an overwhelming propensity of 'unhealthy items' signalled caution for countries such as Australia, which also enjoys plentiful healthy food items. 35 Combined with early releases of data from the Australian Health Survey (AHS) showing around 35% energy from 'discretionary' food choices, amongst Australian adults, 18 the findings of our analysis suggest more attention may need to be given to foods that may appear on the periphery of the diet. The Australian dietary guidelines define discretionary food choices as 'most sweet biscuits, cakes, desserts and pastries; processed meats and sausages; ice-cream and other ice confections; confectionary and chocolate; savoury pastries and pies; commercial burgers; commercially fried foods; potato chips, crisps and other fatty and/ or salty snack foods; cream, butter and spreads which are high in saturated fats; and sugar-sweetened soft drinks and cordials, sports and energy drinks and alcoholic drinks'. 36 Our food categorisation was based on that used in the most recent national nutrition survey (AHS); but in the case of dietary effects on BP, it was informative to consider the various food sub-categories within the discretionary food group. Food categorisation is always problematic, and it is likely that there are some healthy foods This amount includes sodium naturally present in foods as well sodium added during processing, but excludes the discretionary salt added by consumers in home-prepared foods or to foods at the table. The average amounts of sodium presented here are therefore likely to be an underestimate of total intake. a The mean amount of sodium consumed from food for the total sample was 2464 ± 1207 mg per day (equivalent to 6.16 g salt per day). b Statistically significant difference (Po0.05) between participants whose dietary pattern is aligned with this category and those whose diets are not.
Dietary patterns and blood pressure S Anil et al within our 'cautionary' food categories, but taken as a whole, it is likely that the foods to focus on amongst the spreads and condiments food group are those with high sodium content. Our analysis confirms that core foods such as fruits, nuts and seafood should be encouraged. These foods are likely to bring along with them a healthier dietary pattern, but this is the topic of further research. On the other hand, spreads and condiments add variety and taste to foods and there is always opportunity to improve their nutrient content. As such they should not be overlooked in discussions on improving diet quality overall and in weight loss interventions as per our study context. The use of office BP, rather than ambulatory BP monitoring (ABPM) may be considered a limitation. ABPM is generally considered to be a preferable alternative to traditional methods for measuring BP, at least in clinical trials, [37] [38] [39] [40] [41] because of enhanced precision, elimination of observer bias and prevention of 'white coat' hypertension. ABPM also reduces the variability of estimates of BP change in response to interventions. [42] [43] [44] [45] In the DASH study, ABPM was more efficient than three to four sets of daily random zero readings, resulting in detection of a given BP change with a smaller sample size. 46 Given that the current analysis is based on a cross-sectional estimate of both BP and dietary intake patterns, variability in BP for repeated measurements is of little concern. Further, automated office BP measurement, as collected in the present study, has been shown to produce mean BP values comparable to awake ambulatory BP and is recommended for use in primary care settings. 47 What is known about this topic?
• The key dietary factor known to influence blood pressure (BP) is sodium.
• Lower BP is also associated with a diet rich in fruits, vegetables and low-fat dairy products (dietary approaches to stop hypertension diet) as well as Mediterranean and Nordic diets.
• Not all people follow these patterns, and one way of discriminating between individuals is by identifying foods that characterise a dietary pattern using factor analysis.
What this study adds?
• In a clinical sample of overweight Australians, usual dietary patterns that include larger amounts of fruits and nuts were associated with lower systolic BP.
• Dietary patterns characterised by larger intakes of seafood were associated with lower diastolic BP.
• Dietary patterns that included more yeast extract spreads and seasonings were associated with higher systolic and diastolic BP.
• Factor analysis enables the identification of foods that may drive poor overall dietary patterns that can be targeted in clinical practice for improved BP.
